The main objective of this work was to determine the effect of different delivery conditions on the accelerated degradation of structural steels used for lifting beams (rails) of the monorail transport systems. Some of these rails, made of the same steel grade as others, undergoes accelerated corrosion in the coal mine environment. Corrosion degradation occurs much faster (more than two times faster), comparing to the same steel grade rails operated under the same conditions but with different microstructures. However, all the provided rails meet the requirements of appropriate standards for steel on the lifting beams of the monorail transport systems.
Introduction
For economy reasons and because of good machinability, mild and low alloy steels are the preferred materials for underground coal mine structures. However, the corrosivity of coal mine water, containing usually high concentration of such aggressive components as sulphate and chloride ions vary from mildly to highly corrosive (Ruhi et al., 2009; Singh, 2006) . The lifting beams of the monorail transport systems are made of S355 grade structural steel and meet the requirements of relevant standards of chemical composition and mechanical properties. The rails was delivered to coal mine with three different microstructures. Unfortunately, in one case, rails made of the same steel grade, undergoes accelerated corrosion in the coal mine environment (corrosion degradation occurs more than two times faster although rails was operated in the same conditions than other rails. The longest operating lifetime was for rails made of steel 1, than for steel 2 and shortest for steel 3. An example of such accelerated degradation of the lifting beam (rail made of steel 3) is shown in Figure 1 . In this paper, we focus on the relationship between a different microstructure of rails and the accelerated degradation of structural steels in the coal mine environment.
Material and experimental procedure
The examinations were carried out on a samples of used rails made of S355J2G3 steel (old designation but still used by purchasers) received with three different microstructures (steel 1, 2 and 3). Hardness measurements, by Brinell method according to EN ISO 6506, were taken on the same specimens as used for metallographic examinations. Characterization of microstructures of investigated steels was performed by an Zeiss Axiovert 200MAT optical microscope. The chemical composition and properties of the coal mine water sample was examined by an Perkin Elmer 6100 ELAN ICP mass spectrometer and by an pH-metr WTW pH 330.
Results and discussion
The chemical compositions of the steels are presented in Table 1 . As it is shown, chemical compositions of tested steels meet the requirements of EN 10025 standard, although steel delivered by supplier 1 has slighty higher (by 0.04%) carbon content than is allowed by the standard. The maximum carbon content for S355J2G3 is equal 0.20% and for S355JRG3 steel maximum carbon content is 0.24%. For materials grade J2 longitudinal Charpy V-noth minimum imapct energy should be 27J at -20 centigrade temperature and for JR grades minimum imapct energy should be 27J at room temperature. The silicon content (increasing strength properties) is in the case of steels 1 and 2 almost twice higher than for steel 3, while the manganese content in steel from supplier 3 is higher (by about 0.2%) then in steels from other suppliers. It should be noted here, that casted continuously and hot rolled steels with higher manganese content are very susceptible to microstructural banding (Majka et al., 2002; Bhadeshia, 2010) . Mechanical properties (Brinell hardness) of the steels are given in Table 2 . Physico-chemical characteristics of coal mine water are given in Table 3 and 4. According to the classification of mine water made in work (Singh, 1988) tested coal mine water sample could be assigned to soft alkaline waters (ph = 7.5 to 8.5) and by the Cl -i SO 4 2-ions content to the medium-salinity waters (Konieczny & Bodzek, 2003) .
However, regardless of the mine water corrosivity, in the same environment "I" beam type rails made of the same steel grade but with different microstructures showed highly diverse susceptibility to corrosion. Because the chemical compositions of the steels and mechanical properties were similar the only possible reason for varying the susceptibility to corrosion is the difference in the microstructures. The microstructures of the steels are shown in Figure 2 -4.
As it is seen in Figure 2 , the microstructure of the steel 1 is more homogeneous than microstructures shown in Figure 3 and 4 (least homogeneous). The same sequence has a corrosion resistance of the steels (from lowest to highest susceptibility to corrosion). The microstructure shown in Figure 2 is almost free of banding and is characterized by a uniform distribution of ferrite and pearlite grains. The trace of banding is present, but this microstructure can be described as not banded. This steel is in normalized or normalizing rolling state. The microstructure of steel 2 (Figure 3 ) is still homogeneous (probably due to the high rolling reduction ratio) but showing ferrite-pearlite banding. Steel 3 has severe banded microstructure with wide-banded ferrite (Figure 4) . Probably, this is the reason of accelerated corrosion in the coal mine environment of "I" beam rails made of this steel, although the mechanical properties and chemical composition complies with the standards and are close to the steels 1 and 2. According to the "Comments relating to the new edition of DIN EN 10025 part 1-6 for hot rolled products of structural steel" (http://www.dillinger...), prepared by a technical working group of the Walzstahl-Vereinigung, based on the new edition 2005 of DIN EN 10025, an option to order G3 or G4 delivery conditions is eliminated. Now, for the purchaser exists an option to order the steel product in the normalized (or normalizing rolling) or as rolled state. The symbol +N (delivery condition as normalized or normalizing rolled, old designation G3) or +AR (as rolled, old designation G4) has to be indicated together with the steel grade. However, according to the old standard EN 10025:1993 designation G3 means that only flat products should be supplied normalized or in an equivalent condition obtained by normalizing rolling. Long products (as "I" or "H" beams) of G3 grade should be supplied in a delivery condition at the manufacturers discretion, unless otherwise agreed.
Conclusions
The present study has demonstrated that:
• There is a significant difference in the corrosion susceptibility in coal mine environment of rails made of the same steel grade but in different delivery conditions. • The highest corrosion resistance was observed for steel with homogenous microstructure obtained by the normalizing or normalizing rolling.
• Steel of the most heterogeneous and severe banded microstructure with wide-banded ferrite has the worst corrosion resistance in coal mine environment.
• To avoid accelerated corrosion of "I" beam rails in the coal mine environment in the future, steels should be ordered in the normalized or normalizing rolling state (+N).
